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important tor analysis of the extremely crowded spectra of proteins since
it provides a series of cross-checks on the spin system assignments. Mul-
tiple-quantum technigues are invaluable. by themselves und in conjunc-
tion with complementary methods. for unambiguously assigning the com-
plex '"H NMR spectra of proteins and other biological macromolecules.
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[7] Detection of Insensitive Nuclei

By An BAX. S1EvEN W. Sparks, and DENNS AL TORCHIA

Introduction
Because of their krger chemical shift dispersions. "'C and "N NMR
spectra are oflen better resolved than the corresponding 'H spec It
was this particular feature that stimulated numerous heteronuclear NMR
studies of proteins in the 19705, The goul of these studies was 1o usce
measurements of "'Cand fN chemical shifts and relaxation rates (o obtain
information about molecular structure and dynamics. Unfortunately. the
low sensitivity of "C and "N NMR necessitated the use of Large sample
guantities. and assignment of the *C and "N speetra was difficult, relying
heavily on off-resonance decoupling techniques (provided that the a1-
tached protons were resolved and assigned).

The assignment problem has been greatly simp
ional (2D heteronuckear correlation spectra. in w
nates of cach resonance are the chemical shifts off o proton and of s
directly attached het:ronucleus. It the 'H spectrum has been assigned.
the heteronaclear correlation speetrum can be used (o assign the corre-
sponding Cand "N spectras Alternatively. characteristic shilts to cor
tain "'C and "N puclei are useful for assigning the 'H NMR spectrum. The
carly 21 heteronuclear correltion techniques' * were only puart

imen-

ed by (wo-
*h the two coord
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cesstul for generating such correlation maps for proteins . 7 These meth-
ods refied on direct detection of the heteronuclens, the NMR amplitude of
which was modulated by the frequency of it coupled proton(s). The
major impediment of this approach was the fow sensi ity of such meth-
ods. lower by at least a factor of three lo five rel
dimensional heteronuclear spectrum.

In more recentiy developed 21X correlation technigues the sensitive '
signal is detected. modulated by the frequency of its heteronuclenr cou-
pling pariner. X. For historical reasons, this approach s often relerred to
as reverse correlation. Relative 1o g regular one-dimensional 'H spec-
trum, the sensitivity of such a reverse-correlution map is decreased by the
natural abundance of the heteronucleus (1,19 for ‘Cand 0.3777 for °N).
but not by its magnelogyric ratio, . Maudsly ¢r al” pointed out the
potential advantages of direetly detecting the nucleus with the higher y
more than a decade ago. Subscquent work by Miiller and - ¥ Mii
Bodenhausen and Ruben. '™ Bendall ¢or al. !t Redficld.!” and Bax or of
paved the way for applying such technigues in o practical fashion.

This chupter describes a number of 2> reverse-correlation experi-
ments that yield high-sensitivity heteronuclear correlation spe . The
optimal pulse sequence depends on the particular application and on the
spectrometer used. For example, for correlation through long-range cou-
phing or through onc-bond coupling. different pulse schemes have to be
used. Certain pulse schemes provide better suppression of
vield poorer line shipes.

This chapter is not a comprehensive review of heteronuclear correla-
tion spectroscopy but rather a bricl guide of what one may expect from
such methods and how (o record optimal spectii.

tve toa simple one-

i

Sensitivity Gain from Reverse Correlation

There has been some confusion ov

what gain in SCRNTHVILY may e
cxpected from the H-detected heteronuclear corre won techniques.,
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Numbers ranging from 10- to 1000-fold bave been quoted in the literature.
Here. the theoretical gain in sensitivity obtainable with the reverse-corre-
lation method over the X-detected correlation technique will be briclly
discussed.

‘The NMR sensitivity of a nucleus is proportional to y %> Therefore,
al a first glance. one might expeet a gain in sensitivity of (yyiyx)' " by
directly detecting the proton instead of the ¥ nucleus. However. in the X-
detected experiment the sensitivity is improved by a lactor yyfyy because
of polarization transter from 'H to X. The expected gain in sensitivity is
thus reduced 10 (yn/yx)'2. This number should be multiplicd by the num-
ircetly attached to X: for the X-detected experiment.
y independent of N, whercas

ber of protons. N,
the amount of polarization transter is ne:
for reverse detection the detected signal is directly proportional to N. IFor
WC_H correlation of methyl groups. the gain in sensitivity theretore
cquals 3 x (D - 24, Tor methylenes itis 16, and for methine sites it is 8.
For “N-H correlation of peptide amide resonances. the gain is about 30.

In the above discussion. the assumption has been made that 'H and X
identical. Tor X = PC. "N, this assumption is
¢s. where the 'H resonance is often
es. however. the

nucleus line widths ar
worrect fo

small molect

generally
sphit by homonuciear J couplings. ‘o
width often is dominated by the heteronuclear dipolar coupling and will be
quite similar Tor protons and for the X nucled.

This eatire sensitivity discussion has been restricted to the case where
mited sample is available. the V-

macromolee

the quantity of sample is limited. [Fu
detection experiment can be performed in a large-diameter sample tube.
improving its sensilivity significantly. Another practical consideration is
that the so-called 7, noise can be much worse in the reverse-corre ation
ation it is essential to have

spectra. Finally. for successtul reverse cor
some special hardware. including o reverse-detection prabe.

Pulse Schemes for Reverse Correlation

reverse-correlation schemes

A farge variety ol difterent heteronucte
has been proposed in the literature. No attempt will be made to review all
these methods here. but the advantages and limitations of a small selec-
tion of such schemes will be discussed. The key o successlul reverse-
carrelation experiments on natural abundance samples is that they should
contain relatively few TH pulses. This Facilitates suppression of the much
stronger resonances from protons nat coupled to the heteronuclens. The
best schemes rely on the principle of heteronuclear multiple-quantum

de. J. Mapn. Reson, 240 71 (19760),
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nce. Five different pulse schemes tor correlation through one-bond
couplings arc shown in Fig. [.

Zevo- and Doubte-Quantion Correlation. Scheme ain Fig, 1is the
simplest, and it was first developed Tor correlating the imino protons in
IRNA with their attuched “N nuclei.'s Scheme a (Fig. 1) can be used with
or without decoupling of the heteronucieus and it can casily be adapted to
studies in H:0 without presuturation by replicing the first 'H pulse of
Scheme o (Fig. 1) by one ol the water-suppression schemes discussed by
Hore.' This particular scheme. with the 'H pulse replaced by a 2-0-1
Redfield pulsce. was used by Glushka and Cowburn!™ for gener ._:.. a high-
quality "H=""N shift correlation map of the amide resonances in hasic
pancreatic trypsin inhibitor (BPTH. Two disadvaatages of Scheme
Fig. | are that the acquired spectri cannot be phased to the absorption
mode which necessitates the use of magnttude cale 1 both dimen-
sions of the 2D spectrum., decrcasing resofution and sensttivity. Sccond.,
in Scheme a (Fig. [} the detected 'H signals are modu y
and double-quuntum frequencies. corresponding to the sums and d
ences of the 'H and X nucleus oflscts from their respective cu
Hence, analysis is Tess convenient because the 21 spectrum is not o

ted by the zero-

icrs.,

conventional correlation map with "H chemical shilts along one asis
the X nucleus chemical shitts along the other uxis. More seriousis the
that the 'H signals are modi
frequencies, i.c.. the sensitivity ol the expe
relative to the case where the 'H signals are modulated by only a single

frequency., the X nucleus chemical shifte Theretore. resolution and sensi-
tivity of Scheme a (Fig. B are from optimal, but its strong points are
(1) the casy H:0 suppression and (2) i minimum amount ol M_ noise.
Constant-Time Heteronaelear Coreelation. An interesting aud under-
used variation of Scheme a (Fig. ) has been developed by Maller ef «f.
and is sketehed in Scheme b (Fig. 1) Scheme b g, b abso cmploys o
single "H excitation pulse. but it uses a constant duration of the evolution
period through which an X nucleus 1807 pulse is sfied i
lashion. Scheme b (Fig. 1) has several advantages over Scheme
Water suppres
signal sampling is further removed
high receiver gain selting can be used. even for coneent

stepwise

on is even casier with Scheme b (g, 1) sinee the
m this pulse. Therefore.
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coupled o the X nucleus. Fora given time, 1. between the 907X pulses,
the acquisition time in the 1y dimension runs trome - 7 to 77 providing
high resolution in the £ dimension. The acquired "H sigaals e muadu-
lated by the X nuacleus chemical shift and not by the maltiple-quantum
frequencics (even while the magnetization™ exists as zero- and double-
quantum coherence during the time 73, Henee. the 'H o sig are modu-
lated by only a single frequency. inercasing sensitivity relative 1o Scheme
atlig. ). Finally, the spectrum conveniently displays X nucieus chemical
shift frequencies along the Fyoaxis. 1For best results, spectra should be
acquired in the hypercomplex (or TPPH Fashion and the magnitude spee-
trum should bhe calculated in hoth dimensions, FFor
pseudo-ccho tifter is recommended in the ¢ dimension, with the signal ol
the edges ol the 7 time domain it ¢ 4 7 attenuated by about o factor of
three relative to the center. T fi . conservative filtering using, for exam-
ple. it cosine bell. cosine-squared bell, or 607-shilted sine tsquuared? bell is

recommended. In all respects, this sequence is superior o Scheme a of
Fig. | and itis surprising that this method has not found more applicadion.

Heteromctear Mubtiple-Quantunt Coreelation tHMOC) Scheme ¢
(Fig. 1y is o simple modification of Scheme a (Fig. Dowhere the sero- und
double-quantum Trequencies now are interchanged by the 1807 'H puise.
applied at the center of the evolution period. This has the et e
chiminating the "1 chemical shift component [rom the mu
frequency. The final spectrum therefore has the appe

heteronuclear chemical . shift correlation map, with "1 chemic:
along one axis and the X nucleus shift along the other avis. Neglecting the

cffect of small homonuclear couplings. this method permits the recording
of pure absorption spectri, offering the highest possible resolution.
Scheme ¢ (Fig. By is often reterred toas the HMOC (heteronue multi-
ple-quantum correlationy or the ““forbidden echo technigue. A mod
ficd version™ has been widely applied to the study ol sm nel
several gpplications of the HMQC scheme Lo w

molecules,
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studies have appeared.®'** Problems with the HMQC scheme are (1) sup-
pression of signals Irom protons not coupled to X becomes more difficult
by the addition of the 1807 pulse. und (2) that recording the spectrum in
H-O solution i o more difficult [sce discussion of Scheme ¢ (Fig. 1)
below]. The suppression of signals from protons not coupled to X im-
proves with the square rool of the number of scans and also is casier lor
relatively broad resonances. For proteins, the number of scans per n
value needed for sufficient signal to noise is usually quite large, on our
colet and Bruker spectromelers, so thalt suppression of signals not
coupled to X does not present any prictical problems in the study of
macromolecules. provided that proper precautions are taken (e.g.. no
sample spinning). '

As an example, Scheme ¢ (Fig. D) is applicd to a sample of BIPT1 in
D-0, p?H 6.6, 7 mM, 70 mM NaCl, 35°. Figure 2 shows the €, region of
the HMQUC spectrum, recorded at 600 MH,. The total measuring time was
11 hr. This spectrum was recorded with the same level for the V'C pulses
and the "C decoupling (3.3-kHz rf field), using WALTZ16 decoupling
modulation.?' Generating this 3.3-kHz 1t lield required about 3-W ri’
power, sufticicntly high that sumple hcating and associated lock signal
deterioration became stgnificant. Therefore, the data acquisition time (/3)
(and the decoupling duration) was limited to 80 msee. WALTZ modula-
tion with a 3.3-kHyz rf field provides sufficiently good decoupling over an
8-kHz band width. A better choice for broad-band "'C decoupling is to use
the GARDP modulation scheme.™ covering ncarly (wice this band width
with the same amount of 1 power. However, o elfectively excite this
wider band width with the 907 pulses of the HMQUC scheme. power
switching between the BC pulses and the "'C decoupling becomies ¢ssen-
tial, o feature not available on our spectrometer when the spectrum of Fig.
2 was recorded.

Most experimental work to date consistently avoids heteronuelear
decoupling during "H data acquisition. However, it should be noted that
heteronuclear decoupling doubles the signal-lo-noise ratio (provided p-
propriate rf filtering is applied) and reduces signal overtap. Line shapes
arce otherwise unaftected.

Flip-Back Heteronuclear Correlation. I for instrumental hmitations
broad-band X nucleus decoupling is impossible, the original Scheme d
(IFig. 1) proposced by Miiller” may be preferable. In Scheme d (g 1. the
double "HZX 180° pulse climinates the elfects of 'H offset during the lirs

nd AL Bax, J. Magn. Reson. 71379 (1987,

nd L. Lermer. Scienee 232, 900 (19K6),

1L Frenkie d R. Frea JoAMaen. Resan. 52, 318 (1983)
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pulse flips the magnetization from protons not coupled 10 X o the -
axis: n gnetization from protons coupled (0 X is in antiphase along the
“xaxis at this point in time and is converted into heteronuclear zero
double-quantum coherence. The 1807 'H pulse. applicd ot the midpoint of
the evolution period. serves the same function as in Scheme ¢ g, 11,
has the additional eftect ol turning magnetization 1rom protons not cou-
pled to X back to the < 2 axis. Spin diffusion then ciuses the rapid recov-
ery ol the fongitudinal magnetization of the Y-coupled spins. Two poten-
tal advantages of Scheme o (Fig. 1) are (1) thal o somewhal fister
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repetition rate can be used and (2) that (at least in principle) only signal
from X-coupled protons reuches the receiver. This latter property de-
creases dynamic range problems and therefore can increase seasitivity off
the experiment. In our experiznce, the flip buck docs nor improve the
cuncellation of signals from protons not coupled to X. High-quality spec-
tra using lhe flip-back scheme have been reported by Wagner and
Bruewihier™ (natural abundance C of BPTD and by Stockman er al 2
("*N-labeted Navodoxin).

Scheme d (Fig. 1) is fess uscful if X nucleus decoupling during data
acquisition is required. 'H chemic | shifts are in phase at the ¢nd of
the evolution period. whereas the decoupling should be started a time
1/2Jxn ) later. In principle another sel of double 1807 pulses could be
inserted between the final 907 X pulse and the start of data acquisition. [n
practice, if one wants to record decoupled spectra, Scheme ¢ (Fig. 1) is
probably preferable.

The heteronuctear coupled spectra. obtained with Scheme d (g, D
are lower in signal-to-noise ratio by a factor of two relative to the decou-
pled spectra of Scheme ¢ (Fig. D and show twice the number of reso-
nances. i.e.. an increased chanee of overlap. In practice. the increased
complexity of the spectvum may also have advantages. Sceveral au-
thors!?2% state that the characteristic antiphase doublet pattern Tac litates
recognition ol such heteronuclear corrclations and may make it casier o
distinguish them from artitacts and £, noise.

Very recently, Otting and Wuethrich®? have proposed interesting mod-
ifications to Scheme d (Fig. 1) that would considerably alleviate the prob-
fem of suppressing signats from protons not coupled to ¥, with ar without
Y nucleus decoupling. We have not yet had the opportumity to test the
performance ol these sequences. but results presented by these authors
suggest that these schemes function quile well.

The I—1 Echo Scheme. Correlating the backbone amide protons with
their attached "N nuclei can be particularly valuable. 1t greatly improves
the resolution in this region of the spectrum and the N chemical shifts
may contain structural information. Morcover. lor cloned proteins, itis
refatively casy Lo sclectively 1N-label certain types of amino acids. Tacili-
tating the assignment process and permitting the recording of edited
NOESY and HOHAHA spectra. -3 1 As a first step. alter *N incorpora-

V. Hiod hemisery 25, S8R9 (1986).
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tion in a protein, it is useful 1o record an "TH="N corrclation map. This
usually mm<ov much c¢learer results than a simple spin-ccho ditference
zﬂn.a::.:d.., where partial overlap and low-level PN-lubeling via trans-
amination might be difficult to spot. Te ¢nsure that no amide Ezc.:_:nr.;
arc jost duc (o presaturation. it is desirable to record these types :._.
./._.von.:: with a sequence that avoids excitation of the water _dZ.::_:cc.
making presaturation unnecessary. A simple scheme for doing this is 1o
replace the 90 and 180° TH pulses in Scheme ¢ (Fig. 1) by jump-and-return
[-1"" pulses (Scheme ¢, Fig. 1)."™ However. it should be noted that the |-
I pulse at the center of the evolution period. which serves as arefocosing
pulsc. only works well overa relatively ow frequency band. To obtain
pure phase correlation spectra. phase cycling of this refocusing pulse unit
therefore is essential. ™

) As an example. FFig. 3 shows the ""N='l{ corrclation spectrum ob-
E:.?d for the protein staphylococcal nuclease. complexed with pd'U'p and
Ca*'. Leucine, and to o lesser degree serine, were N fabeled. Spectra
were recorded ul 600 MHz, 357 pH 7.4, 1.5 mAf, 100 mAf NaClL Because
of the "N labeling, high-sensitivity spectra can be abtained in a very short
10._.::_ ol time. The spectrum ol Fig. 3 was recorded in about 45 i L
3_:5::: time dictated by the required phase eyeling and the number ol ¢
_:c_..c.:._n:_/ necded. The sample wis also labeled with 7'C in the carbonyi
position of lysine residues. giving rise to parti resofved doublet strue-
tures for T.eu-7. F.eu-25, Leu-137, and ¢ 128, cich of which
ceded by w lysine residue. At contour Jevels lower than shown,
number of additional correlations become visible which probably corre-
spond to glycine residues that carry an BN label derived rom /ru_._.__c.

Heteronuclear Relay Experiments

One-bond heteronuclear correlations of isotopicily Tabeled proteins
are very sensitive experiments. comparable o the onc-dimensional 'H
spectrum. Therefore. itis refatively stranghtforward te extend this type of
experiment by combining it with NOESY ., COSY o HOHATIA™ THof
the several dozen ditterent pulse schemes av
we discuss a single exampl

able for these purposes.
a combimation of THTOBATIA and heteronu-

FoAm Clrenn Soc 109, 189

who B e Chenr. Soc 9T
A Magn, Keson, T4, 366 197
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clear corrclation. One of the possibie pulse sche

sketehed in p L. 4. This sequence combines in o straightforwiard n
the pulse scheme (Scheme cin Fig. 1) with HOITAHA ?jc
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Y-coupled proton over all ity coupling partners. So,

tram.all coupled protons will be modulated by the
nucleus,

Ve tad 20 spee-

s frequency of the v

Asan example, Fig. 5 shows the PO veky spectram of 10,0
Ali-labeled staphyfococ seorecorded ar SO0 MU, 42 1S mar
M a S-mm sample twbe. The level of "C Jubeling w bout 20¥¢ . The
duration of the MLLEVI7 mixi e period was set 1o 30 msee and no i
puises™ were used. Al the beginning of the M1,

V1T mining. only magne-
tization from the methyl protons is modulated by the chemical shitt of the
"CThe ML

VT transters magnetization trom the methyl protons 1o the
C. proton. resulting in correlations between (GRS
provides significant simplification contpared

HOHAHA spectrum (compared with Fig, §.
developments

and 1Ol Phis spectram
toa simple direct 2D
Bax 8], this volume), Fatre
> expected where such expe
three-dimensional fashion, ' permitting the
theting without i

ments e perforned

I
use ol much more eatenaive
oducing spectral overlap.

Correlation via Small Couplings

There is. of course. no fundamental ditterence

between correlation via
direct or

via long-range couplings. However. there e Lo practics
differences in how to optimize the experiment and what pulse sequence (o
choose. Problems in correlating chemical shitts of protans
nuclei via long-range couplings :
Lrge vy

id hetero-
that (1) the size of the couplings show
wiations. {2) the heteronuclear cauplings are tvpicatiy of the

ne
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order of magnitude as the homonuctear 'H-"H couplings. and £3) in mac-
romolecutes the heteronuelear long-range couplings are often smaller than
the natural line widths of the proton resonances. As i consequence. in
macromolecules the sensitivity of long-range correlation experiments is
reduced dramatically refative to the correlation through one-bond cou-
plings. described above. For the study of proleins at Jow concent dions,
isotopic tubeling is therefore always essential,

Our discussion is limited to one sequence that yiclds long-range covre-
Lution spectra. although it should be realized that this particular sequence
is not necessarily the hest for all applications. Its pulse scheme IN
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1. 6. Schemwe for fHedetected heteronucie
ple-guimium voherence. The de
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ees in the steads -

sketched in Fig, 6.7-% and inspection shows that this scheme is nothing

but a slightly modificd version of Scheme ¢ tFig. DL This sequence. first

3

applicd to tong-range 'H-"1C corvelation in cocnzyme B2 is hnown
under the name HMBC, for heteronuclear multiple-bond correladion. The
first (optional) 90° X pulse serves as w [/ filter.' to climinate vne-bond
correlations from the 2D spectrum. The second 987 pulse. applicd after
anoiher delay Xs. creates the multiple-bond multiple-quantunn coherence.
The 180™ pulse removes the 'H chemical shift contribution aad the fioad
90" .Y pulse converts the multiple-gquantum coherence back into untiphase
"H magnetization. No X decoupling is applicd during data acquisition.
Because of homonuctear (H<'H couplings it is nol possible (o ohiai

absarption mode spectra in the Fy dimension ol the 2D spectram. How-
ever, in the £ dimension the data are simply madulasted in amphitnde by
the v chemicad shiftand an absorption mode representation i
sion can be obtained. * Because the data are inantiphase at the beginning
of the detection periad, f:. the time domain signal in the ¢ dimension
starts al zeros: it is o sine functon that s vapidiy daniped by the short 7. of
the pratans., For sensitivity purposes it is best to apply i niched

this dimen-

terto
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these data. i.c.. in the £» dimension @ noashilted sine bell is o suituble
tunction it the data acquisition time in the £ dimension is set to about
2-3 < 1.

As an example, the scheme ol Fig. 6 is applied t a sample of staphylo-
coceal nuclease complexed with pdl'p and calcium. Fourteen milligrams
of the complex (18 kD) was dissolved in 0.5 ml 13,0 and spectra were
recorded at 600 M2, 357 p*H 7.4, Figure 7 shows the fong-range 'H-"'C
correlation speetrum for a sample where threonine residues are tabeled

<

=
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n

nme 14
shints are observed in
1i r

tons ot
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with UCin the carbony) position. A laree number of cross-peaks can he
scen, corresponding to the [ different threonine residucs present in the
protcin. The intensitics of the correlations vary dramaticalty . the differ-
ence between the highest and lowest contour fevel tn Fig, 7 s a factor of
48. These intensity differences reflect the different sizes of the long-range
couplings and the differences in line width of the C,H resonances. In
practice. only two- and three-bond couplings can be sutticiently large 1o
yicld observable corrcliations. The size of Uy, depends strongly on con-
formation and up Lo four correlations (three tor threonine) in principle can
be obscerved Tor a single carbonyl resonunce (two O, protons and up 1o
two Cy protons for most amino acids). However, in practice many of
these possible corretations have too low an intensity to be observable in
proteins of the size of staphylococcal nuclease. This is unfortunate he-
causc otherwise this type of correlation would be extremely valuable for
obtaining sequential assignments. Two examples of such sequentiad as-
signment are labeled in Fig. 70 both the C, protons of Thy-22 and Vai-23
show a correlation to the carbonyl of Thr-22 and simitariy. 11is-121 € 11
and Thr-120 C,H show connectivity to the carbonvl of Thre-1200 OF
cottrse. it would be of major interest to alse correlate the NH resonances
with the labeled carbonyls. However. for the stiphylococcal nuclease
complex. the 75 values of the N resonances were (oo short (H =13 mseed
to permit this type ol correlation to be observed.

The example shown here is only one of the mamy ditferent applications
of the 'H-detected methodology. Other very interesting applic
long-range heteronuciear correlation in profeins concern the detection off
meta) nuclef (CdA42 Hp P and phosphorus.® Lo cases where the T of
the heteronucteus ix shorter than the 7 of the protons bat ity 75 s ot

ions ol

shorter than the 7 of the protons, a different sort of approach, not hased
en multiple-gquanium coherence may be favorable
Discussion

The heteronuclear two-dimensional expenimenis discassed i tios

chapter show particular promise for alleviating assignment problems in
proteins. Although the once-hond corrclation teehmigues. at feast in pringi-
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ple. could be applied to natural abundance samples of small proteins. the
most promising area of application is for “C- and '*N-labeled proteins that
are too large for straightforward analysis. These techniques then can be
combined with NOESY and HOHAHA methods to obtain spectra of
reduced complexity. Alternatively. three-dimenstonal NMR techniques
that are based on combining HOHAHA or NOESY with heteronuclear
correlation are expected to become of major practical relevance for NMR
analvsis of proteins. Although the use of vne-bond heteronuclear correla-
tions is largely himited 1o solving assignment problems. the muttiple-bond
correlations also carry structural information since the intensities of the
correlations reflect the size of the heteronuclear J couplings.

Far the methods discussed in this chapter it is essential 10 have access

to a so-called "inverse probehead.” with the 'H observe coil close to the
sample (for the highest possible sensitivity) and the decoupler coif on the
outside. Despite the fact that the regular so-calied ""dual probe™ may
function quite well for regular proton observation. its sensitivity for the
inverse correlation experiments is dramatically lower. In our experience
the inverse probe shows the same sensitivity (within 1092) and line shape
as the regular 'H-dedicated probehead and, as a résult, in our laboraton
we (ypically leave the inverse probehead in the magnet for months at u
time. saving instrument time and reducing the possibility of damage. All
experiments are refatively “'risk free.” provided that the system is pro-
tected from an overdose of X nucleus decoupling power,

Currently. almost all spectrometers {even new ones) are designed 1o
directly detect heteronuclei. and at best, inverse detection options have
been added as an afterthought. We expect this situation will change dur-
ing the next few vears. and application of the heteronuclear correlation
techniques may then become as straightforward as the present recording
of COSY and NOESY spectra.

“ L. Lerner and A Bus. 0 Maun. Revent. 69, 275 (19%6),






